INTRODUCTION
Most secreted proteins are glycosylated. One type is O-glycosylation (1, 2) , which is a post-translational event, where a carbohydrate is covalently linked to the hydroxyl group of serine or threonine. O-linked glycosylation serves as ligands for selectins, confers resistance to proteolysis and is involved in recognition phenomena such as sperm-egg binding. As a glycoprotein can can change glycosylation pattern if expressed in a new cell system the altered glycosylation may introduce impaired protein function. Glycosylation therefore has implications for the biotechnological industry (3). It is thus of interest to know the sites and type of O-glycosylation in a given glycoprotein. As experimental methods to determine O-glycosylation are cumbersome, since they require either solid phase Edman degradation or mass spectrometry, accurate tools for predicting the sites of O-glycosylation from primary sequence are needed (4) (5) (6) . A compilation of known and verified O-glycosylation sites will facilitate such research.
NEW FEATURES OF VERSION 3.0
Among the new glycoproteins 211 new O-glycosylation sites have been included since version 2.0. A curiosum was salivary plasminogen activator from the vampire bat Desmodus rotundus, which is an effective thrombolytic agent (7) .
O-GLYCOSYLATION TYPES AND SEQUENCE MOTIFS
As only a minor fraction of serine and threonine residues are modified by glycosylation, sequence context or conformational rules which determine whether a given serine or threonine is O-glycosylated, must exist. No such clear consensus motif exists for the most abundant mucin-type of O-glycosylation (4, (8) (9) (10) nor for the mannose type of glycosylation (Fig. 1) . Six other sugar types (Table 1) can be linked to serine or threonine by different glycosyltransferases. Different peptide acceptor motifs have been proposed for these transferases (11) (12) (13) (14) (15) (16) (17) . However the peptide acceptor motifs seems to display fuzzy rules which may reflect that it is an ensemble of closely related surface exposed conformations rather than primary sequence that is recognized by the transferase as an acceptor (18) . This motivates a compilation of all known O-linked glycosylation sites and a re-interpretation of the sequence acceptor patterns.
DATA SOURCES
Proteins with a carbohydrate assigned either to a serine or a threonine residue were extracted from the 1997 versions of SWISS-PROT (19) (release 34) and PIR (20) (release 50) databases as well as directly from recently published reports. Only a few entries were submitted directly to the database. Only information from in vivo expressed glycoproteins has been included.
DESCRIPTION
Version 3.0 (29/9, 1997) of O-GLYCBASE contains 158 glycoprotein entries with 903 experimentally determined O-glycosylation sites. The entries consist of 12 fields given in Figure 2 . The database is extensively cross-referenced to sequence and structure databases including SWISS-PROT, PROSITE, TREMBL, PIR, PDB, EMBL, HSSP and GENBANK.
PREDICTION OF MUCIN TYPE O-GLYCOSYLATION
We have updated the NetOglyc algorithm (4) for prediction of mucin type O-glycosylation sites to version 2.0 (18) using an enlarged dataset extracted from O-GLYCBASE.
The method is available at URL: http://www.cbs.dtu.dk/ services/NetOGlyc/ both as a mail and www server (Fig. 3) . When a statistically sufficient number of GlcNAc and mannose O-glycosylation sites have been determined, prediction servers for these types of O-glycosylation will be developed. (23) . For mannose, the most frequent hydrophobic residue is alanine at all positions. For GlcNAc a high frequency of valine is found at position -1 although the statistics only include 48 sites. The height of the central serine/threonine has been scaled to magnify the context and is thus non-informative. The neutral and polar amino acids are shown in green, the basic charged in blue, the acidic charged in red and the neutral and hydrophobic in black. Users of the database are encouraged to provide corrections, comments, or new material for the database; unpublished material will be held confidential at the request of the authors. The administrator of the database can be contacted by Email at: janhan@cbs.dtu.dk.
DATABASE ACCESS
We encourage users of the database to quote this paper.
